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Description 

BACKGROUND OF THE INVENTION 



[0001] The present invention relates to capacitors 
formed as part of a lead frame and methods of their fab- 
rication. 

[0002] Isolator circuits are used to couple signals be- 
tween circuits having different ground reference poten- 
tials. In some situations : the respective grounds can 
have a difference in potential as high as several thou- 
sand volts. Generally, there are three methods for pro- 
viding isolation between circuits having different ground 
reference potentials: opto-coupled isolation, transform- 
er-coupled isolation, and capacitively-coupled isolation. 
Opto-coupled and transformer-coupled isolation tech- 
niques sufferthedisadvantagethatthecoupling devices 
are relatively bulky and not well suited for use in an in- 
tegrated circuit. Capacitors, on the other hand, can be 
made smaller and can be integrated on a semiconductor 
die. 

[0003] However, attempts in the past to provide a ca- 
pacitively-coupled isolator circuit on a single semicon- 
ductor die have been met with problems due to reliability 
constraints and damage from electrostatic discharging 
and overvoltage breakdown. In particular, it has been 
found to be difficult to provide silicon dioxide-based ca- 
pacitors capable of withstanding the high voltage differ- 
entials commonly encountered in isolator circuits. 
[0004] An alternative solution described in the prior 
art is to form isolation capacitors on a ceramic substrate 
disposed in a plastic encapsulated integrated circuit 
package between two semiconductor dies containing 
the input and output stages of the isolator circuit (see, 
e.g.. Meinel U.S. Patent No. 4,780,795, which was pub- 
lished in Great Britain as UK Patent Application GB 2 
189 936 A). However, such a hybrid structure requires 
that the isolation capacitors be premanufactured on a 
separate substrate apart from the plastic package. 
[0005] Another solution described in the prior art is an 
electronic component having an integrated circuit con- 
nected to a plurality of strip lines and a capacitor formed 
by two separate plates connected to two of the strip 
lines. However, the capacitor is produced by stamping 
the strip lines from sheet metal and by bending one of 
the plates (see : e.g., Strobel German Patent DE 3 915 
998 A1). 

[0006] In view of the foregoing, it would be desirable 
to provide a capacitor that can withstand high voltage 
differentials and that can be implemented as an isolation 
capacitor in an integrated circuit package without an ad- 
ditional substrate. 

[0007] It would also be desirable to provide an isolator 
circuit that can be fabricated in a single integrated pack- 
age. 

[0008] It is therefore an object of the present invention 
to provide a capacitor that can withstand high voltage 
differentials and that can be implemented as an isolation 



capacitor in an integrated circuit package without an ad- 
ditional substrate. 

[0009] it is also an object of the present invention to 
provide an isolator circuit that can be fabricated in a sin- 
5 gle integrated package. 

[0010] These objects are achieved with the features 
of claims 1 , 7 and 10, respectively. 
[0011] In accordance with these and other objects of 
the invention, there is provided a capacitor which in- 
to eludes electrodes formed from adapted portions of the 
lead frame structure used in conventional integrated cir- 
cuit assembly and which makes use of conventional in- 
tegrated circuit packaging material as the capacitor di- 
electric material. 
15 [0012] There is also provided an illustrative embodi- 
ment of an isolator circuit wherein a pair of the above 
lead frame capacitors are used for providing isolation 
between two circuits at respective ground reference po- 
tentials. The isolator circuit is provided in a single inte- 
20 grated circuit package and can be fabricated using con- 
ventional integrated circuit assembly and packaging 
techniques. 

[0013] The isolator circuit may include a low power 
digital isolator circuit having a transmitter capacitively- 
25 coupled to a differential receiver in a conventional inte- 
grated circuit package design. The digital isolator circuit 
can include an optional noise filter to prevent glitches at 
the output. Additionally, an external oscillator can be 
used to synchronize data output to an external clock. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] The above and other objects and advantages 
of the present invention will be apparent upon consider- 
35 ation of the following detailed description, taken in con- 
junction with the accompanying drawings, in which like 
reference characters refer to like parts throughout, and 
in which: 



40 



45 



50 



FIG. 1 is a schematic diagram providing a simplified 
illustration of a capacitor made in accordance with 
principles of the present invention; 
FIG . 2A is a fragmentary perspective view of an em- 
bodiment of a lead frame for use in forming a lead 
frame capacitor in accordance with principles of the 
present invention; 

FIG. 2B is a cross-sectional view of the lead frame 
of FIG. 2A, taken from line 2B-2B of FIG. 2A; 
FIG. 3 is a perspective view of the lead frame of 
FIGS. 2A-B after semiconductor die attachment 
and wire bonding; 

FIG. 4A is a fragmentary perspective view of the 
lead frame of FIG. 3 after encapsulation with dielec- 
tric molding material; 

FIG. 4B is a cross-sectional view of the lead frame 
of FIG. 3, taken from line 4B-4B of FIG. 3, after en- 
capsulation with dielectric molding material; 
FIG. 5 is a schematic block diagram of an embodi- 
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ment of an isolator circuit incorporating a pair of lead 
frame capacitors in accordance with principles of 
the present invention; 

FIG. 6 is a detailed block diagram of a low power 

digital isolator circuit; 5 

FIG. 7 illustrates the various signal waveforms for 

the digital isolator circuit of FIG. 6; and 

FIG. 8 is a plan view of an embodiment of a lead 

frame for the low power digital isolator circuit of FIG. 

6. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] FIG. 1 is a schematic diagram providing a sim- 
plified illustration of a capacitor 1 0 made in accordance - 
with the present invention. Capacitor 10 includes elec- 
trodes 12 and 14 embedded and separated from each 
other by dielectric material 16. Electrodes 12 and 14 are 
formed from portions of a lead frame structure of the 
type used in conventional integrated circuit assembly. 
Dielectric material 16 is formed from molding material 
of the type used for encapsulation in conventional inte- 
grated circuit plastic packages. In a typical isolator cir- 
cuit application, electrodes 12 and 14 would be electri- 
cally connected by conventional wire bonding to differ- 
ent integrated circuit dies operating at different ground 
reference potentials. 

[0016] FIGS. 2-4 illustrate various aspects of an ex- 
emplary embodiment of capacitor 10. FIG. 2A is a frag- 
mentary perspective view of a lead frame structure 30 
configured to provide a capacitor in accordance with the 
present invention. As shown in FIG. 2A, lead frame 
structure 30 includes capacitor electrodes 12 and 14 
and die attachment pads 32 and 42. Electrode 14 in- 
cludes electrode fingers 1 4A and 1 4B, each of which is 
positioned to extend parallel to and on opposite sides of 
a single electrode finger of electrode 12. Portion 30A of 
lead frame structure 30 is a temporary support structure 
joining electrodes 12 and 14 and die attachment pads 
32 and 42 during die attachment, wire bonding and en- 
capsulation. Lead frame structure 30 can be adapted to 
provide electrodes 12 and 14 and die attachment pads 
32 and 34 using conventional lead frame fabrication 
processes (e.g., stamping or etching). 
[0017] Once encapsulated in plastic packaging mate- 
rial, electrodes 12 and 14willform a coplanarand inter- 
digitated capacitor wherein fringing electric fields pro- 
vide the capacitance between electrode finger 12 and 
each of electrode fingers 14A and 14B. One of the fac- 
tors which determines the capacitance of capacitor 10 
is the distance between the electrodes. This distance is 
illustrated in FIG. 2B, which shows a cross-sectional 
view of lead frame structure 30 of FIG. 2A, taken from 
line 2B-2B of FIG. 2. As shown in FIG. 2B, lead frame 
electrode fingers 14A and 14B are separated from lead 
frame electrode 12 by an electrode separation distance 
of "ES". The distance "ES", along with other physical 
parameters relating to the size and shape of capacitor 



1 0, are variables that can be easily controlled when fab- 
ricating lead frame structure 30 to achieve capacitors of 
different values and to meet the particular size con- 
straints of conventional integrated circuit packages. 
[0018] FIG. 3 is a perspective view of the lead frame 
structure 30 of FIGS. 2A and 2B after semiconductor die 
attachment and wire bonding. As shown in FIG. 3, sem- 
iconductor dies 34 and 44 are respectively attached to 
die attachment pads 32 and 42. In accordance with con- 
o ventional integrated circuit packaging techniques, a sil- 
ver-filed epoxy may be used to provide a conductive at- 
tachment between the dies and their respective attach- 
ment pads. Semiconductor dies 34 and 44 include re- 
spective bonding pads 36 and 46 coupled to circuitry 
5 (not shown) on the dies. Wire bonds 38 : 48 are used to 
make electrical connections between semiconductor 
dies 34,44 and lead frame electrodes 12,14, respective- 
ly. Thus, after encapsulation and removal of support 
30A, semiconductor dies 34 and 44 will be capacitiveiy 
?o coupled together through lead frame electrodes 1 2 and 
14. As will be discussed below, also shown in FIG. 3 is 
the electrode fringe length M FL" (see dashed line la- 
belled "FL") that substantially contributes to determining 
the value of the capacitance of the lead frame capacitor. 
25 [0019] FIG. 4A is a fragmentary perspective view of 
lead frame structure 30 of FIG. 3 after encapsulation 
with a dielectric molding material 40 (e.g., by injection 
molding). FIG. 4B is cross-sectional view of the lead 
frame of FIG. 3, taken from line 4B-4B of FIG. 3, after 
30 encapsulation. In accordance with the present inven- 
tion, and as shown in FIGS. 4A and 4B, electrodes 12 
and 14 are fully encapsulated with dielectric molding 
material 40 which is used to provide dielectric insulation 
therebetween. 

35 [0020] After encapsulation, lead frame support 30A is 
removed along dashed line 30B shown in FIG. 4A. 
[0021] Thus, FIGS. 2-4 illustrate an embodiment of 
the lead frame capacitor of the present invention where- 
in the capacitor electrodes are coplanar and interdigitat- 
40 ed. In this embodiment the capacitor electrodes form 
what is commonly referred to as a "fringe capacitor" due 
to the fringing electric fields that provide the capaci- 
tance. It will be apparent to those of ordinary skill in the 
art that the capacitance value of capacitor 10 is deter- 
45 mined substantially by the electrode separation dis- 
tance "ES" (FIG. 2B), the electrode fringe length "FL" 
(FIG. 3) and the dielectric constant of dielectric molding 
material 40. (Assuming, of course, that the dielectric 
thickness "DT" [FIG. 4B] is significantly greater than the 
50 electrode separation distance "ES".) 

[0022] The electrode fringe length "FL" like the elec- 
trode separation distance "ES", can be easily controlled 
when fabricating lead frame structure 30 and can be var- 
ied as desired to achieve different capacitance values. 
55 As is well known, forexample, increasing ettherthe elec- 
trode fringe length "FL" or the dielectric constant of the 
dielectric molding material generally increases the value 
of the capacitance, whereas increasing the electrode 
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separation distance "ES" generally decreases the value 
of the capacitance. 

[0023] Using the electrode shapes illustrated in FIGS. 
2-4, lead frame capacitance values ranging at least from 
approximately 0.1 picofarad to 2 picofarad should be 
readily achievable within a conventional eighteen lead 
molded plastic dual-in-line (DIP) package (e.g., a pack- 
age approximately 23 mm long by 6 mm wide by 3 mm 
high). Of course, capacitor electrode shapes other than 
those shown in FIGS. 2-4 also can be formed in accord- 
ance with the present invention. 

[0024] The breakdown voltage of the lead frame ca- 
pacitor of the present invention will be determined sub- 
stantially by the electrode separation distance "ES" 
(FIG. 28) and the dielectric properties of the dielectric 
molding material. For example, as the electrode sepa- 
ration distance increases, the breakdown voltage gen- 
erally increases (although the lead frame capacitance 
accordingly decreases). Furthermore, as the break- 
down strength of the dielectric molding material increas- 
es, the breakdown voltage of the capacitor also gener- 
ally increases. 

[0025] With conventional materials : the present in- 
vention can be used to achieve isolation voltages in ex- 
cess of a thousand volts. For example, a common type 
of plastic molding material used in injection molded plas- 
tic packages is novalak epoxy. Novalak is a thermoplas- 
tic phenolformaldehyde-type resin. For an electrode 
separation distance of approximately 0.5 mm, a break- 
down voltage in excess of 1000 volts can be obtained 
with this material. 

[0026] Lead frame structure 30 can be made from a 
conventional lead frame material. For example, an iron- 
nickel-based alloy approximately 0.254 mm thick has 
been successfully used, although many other conduct- 
ing materials and thickness could be used as well. Like- 
wise, although the encapsulation material of the present 
invention can be a conventional molding material used 
in integrated circuit packaging (e.g., novalak epoxy hav- 
ing a dielectric constant of approximately 4), many other 
dielectric materials could be used as well. It is preferable 
that such dielectric materials have a high breakdown 
strength, high dielectric constant and low loss. 
[0027] FIGS. 2-4 illustrate that in order to fabricate the 
lead frame capacitor of the present invention , the follow- 
ing steps are carried out. Capacitor electrodes are first 
patterned into a single sheet of lead frame material. 
Electrical connections between the capacitor electrodes 
and circuitry on one or more integrated circuit chips are 
then made by wire bonding. Lastly, the capacitor elec- 
trodes are encapsulated with dielectric molding material 
to provide dielectric insulation between electrodes. 
[0028] A feature of the lead frame capacitor of the 
present invention is that each of the above steps are 
performed during the fabrication of conventional inte- 
grated circuits. Thus, the lead frame capacitor of the 
present invention can be provided in an integrated cir- 
cuit at little or no additional cost and without added as- 



sembly or packaging complexity. 
[0029] FIG. 5 is a schematic block diagram of an em- 
bodiment 50 of an isolator circuit incorporating a pair of 
the lead frame capacitors of the present invention. Iso- 
5 lator circuit 50 includes circuit 62 (having terminals 62A, 
62B and 62C) and circuit 64 (having terminals 64A, 64B 
and 64C). Circuit 50 also includes lead frame capacitors 
52 and 54 encapsulated with dielectric molding material 
56. Terminals 62A and 64A are capacitively coupled to- 
re? gether through lead-frame capacitor 52 , while terminals 
62B and 64B are capacitively coupled together through 
lead-frame capacitor 54. Terminals 62C and 64C are 
connected to respective ground reference potentials 
GND1 and GND2. 
15 [0030] Circuits 62 and 64 may be of various types. For 
example, circuit 62 could be a driver circuit for generat- 
ing electrical signals to be capacitively coupled across 
lead frame capacitors 52 and 54. Circuit 64 could be a 
receiver circuit for receiving such signals. A feature of 
20 the present embodiment is that GND1 of driver 62 could 
be at a different potential than GND2 of receiver 64. 
Thus, such a circuit could provide isolation between re- 
spective circuits. 

[0031] As a second example, circuits 62 and 64 could 
25 each be a transceiver circuit for both transmitting an 
electrical signal across lead frame capacitors 52 and 54 
and for receiving such signals. In accordance with this 
embodiment, GND1 of transceiver 62 could be at a dif- 
ferent potential than GND2 of transceiver 64. 
30 [0032] Circuits 62 and 64 shown in FIG. 5 also include 
terminals 63 and 65 for respectively coupling the circuit 
to other circuits (not shown). In accordance with the 
present invention, whether circuit 62 is a transmitter, 
transceiver or some other type of circuit, terminal 63 can 
35 accept an input signal (for example, supplied by a 
RS232 bus or a light-activated switch) that is subse- 
quently encoded by circuit 62 to provide a serial bit 
stream that is coupled across capacitors 52 and 54 to 
circuit 64. Circuit 64 decodes the serial bit stream cou- 
40 pled across capacitors 52 and 54 to provide an output 
signal at terminal 65. In an alternative embodiment, ter- 
minal 63 can be replaced by a plurality of terminals for 
receiving parallel input signals. One or more of the par- 
allel signal terminals can be used to provide operating 
45 power to circuit 62. Likewise, terminal 65 can be re- 
placed by a plurality of terminals for providing parallel 
output signals. 

[0033] FIG. 6 provides a more detailed block diagram 
of an embodiment of a low power digital isolator circuit 
50 1 00 constructed in accordance with the principles of the 
present invention and which utilizes a pair of the lead 
frame capacitors discussed above. FIG. 7 illustrates the 
various signal waveforms for the digital isolator circuit 
of FIG. 6. 

55 [0034] In accordance with the present invention, iso- 
lator circuit 1 00 can be fabricated in a single integrated 
package utilizing manufacturing processes that are 
compatible with conventional integrated circuit manu- 
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facturing processes. 

[0035] Isolator circuit 100 includes transmitter 11 0 ca- 
pable of being powered from a single TTL digital input 
without the need for an additional source of input power. 
Transmitter 11 0 is referenced to ground GND1 . Isolator 
circuit 100 also includes receiver 120, which provides a 
corresponding TTL digital output signal, that tracks the 
digital input signal, but is referenced to a ground of its 
own (GND2). Isolation is provided by a pair of lead frame 
capacitors (105 and 115) which share a common lead 
frame structure with transmitter 110 and receiver 120 in 
a single integrated circuit package. Isolation in excess 
of 1000 volts can be achieved at high bit rates and low 
power consumption levels. Isolator circuit 100 works as 
follows. 

[0036] Transmitter 110 includes gated oscillator 112 
and drivers 114 and 116. The supply current for gated 
oscillator 1 1 2 and drivers 11 4,1 1 6 are provided through 
digital input 118. When digital input (DIN) 118 exceeds 
a predetermined voltage (e.g., 3 volts), gated oscillator 
112 turns on and provides a fixed-frequency square 
wave (at. for example, 4 MHz) to drivers 114 and 116 
through driver inputs 114A and 116A, respectively. The 
outputs 114B and 116B of drivers 114 and 116 thus os- 
cillate out of phase with each other at the same fixed 
frequency of gated oscillator 112. (See waveforms 118, 
114B and 116B in FIG. 7, which illustrate the waveforms 
at terminals 118, 114B and 116 of FIG. 6, respectively.) 
[0037] If desired, gated oscillator 112 may include a 
Schmitt trigger (not shown) to prevent the oscillator from 
driving capacitors 105 and 115 until input DIN rises to a 
sufficient level to provide a clean square wave output to 
drivers 114 and 116. 

[0038] Drivers 1 1 4 and 1 1 6 couple the fixed-frequen- 
cy square wave signal from gated oscillator 1 1 2 through 
lead frame capacitors 105 and 115 and form differential 
signals at inputs 131 and 132 of comparator 130. (See 
waveforms 131 and 132 in FIG. 7, which illustrate the 
waveforms at comparator inputs 131 and 132 in FIG. 6, 
respectively.) Comparator 130 is a hysteretic compara- 
tor so as to prevent a change in output state until inputs 
" 131 and 132 are significantly different in voltage. 
[0039] Comparator output 133 thus goes HIGH when- 
ever output 114B of driver 114 goes HIGH while DIN is 
HIGH. Comparator output 133 therefore "tracks" output 
114B of driver 114 while DIN is HIGH. (Compare wave- 
form 114B to comparator output waveform 133 in FIG. 
7.) 

[0040] comparator output 133 is used to drive input 
134A of one-shot circuit 134. In response to comparator 
output 1 33 changing state, one-shot circuit output 1 34B, 
coupled through TTL buffer 135, goes HIGH. (See 
waveforms 133 and 135A in FIG. 7, which illustrate the 
waveforms at terminal 1 33 and 1 35A, respectively.) The 
time constant of one-shot circuit 134 is set to a prede- 
termined multiple (e.g., two) of the period of oscillation 
of oscillator 1 1 2. As a result, output signal 1 35A will stay 
HIGH as long as the oscillation continues. When the dig- 



ital input DIN goes LOW, gated oscillator 112 of trans- 
mitter 110 turns OFF and one-shot circuit output signal 
135A resets LOW. 

[0041] Thus, one-shot circuit output signal 135A sub- 
5 stantially tracks digital input DIN independent of whether 
GND1 is at a same or different potential than GND2. 
This feature of the present invention is provided by lead 
frame capacitors 105 and 115 which supply an isolation 
barrier in isolator circuit 100. 
10 [0042] To increase the noise and glitch immunity of 
isolator circuit 100, an optional filter 136 is preferably 
added to receiver circuit 1 20. Filter 1 36 is a binary coun- 
ter clocked by either an internal free running oscillator 
1 40 or an external oscillator (not shown) coupled to iso- 
15 lator circuit 100 through external oscillator input 148. 
Clock detector circuit 145 decouples internal oscillator 
140 from filter 136 and couples the external oscillator 
(through switches 146 and 147, respectively) after de- 
tecting, for example, three consecutive pulses on exter- 
na nal oscillator input 148. (Waveform 136A, shown in FIG. 
7 : illustrates the oscillation waveform at input 136A of 
filter 136.) 

[0043] The frequency of internal oscillator 1 40 is pref- 
erably designed to match the frequency (although not 
25 synchronized) of gated oscillator 112 in transmitter 110. 
For digital output DOUT 1 38A (through TTL buffer 1 38) 
to go HIGH, filter 136 must count a predetermined 
number of consecutive clock cycles (for example, four) 
with one-shot circuit output 1 34B remaining HIGH. Sim- 
30 iiarly, for digital output DOUT 1 38A (through TTL buffer 
138) to go LOW, filter 136 must also count a predeter- 
mined number of consecutive clock cycles (for example, 
four) with one-shot circuit output 134B remaining LOW. 
Waveform DOUT 138A, shown in FIG. 7, illustrates how 
35 data output 138A goes HIGH and returns LOW after four 
consecutive clock cycles. (The shaded areas in wave- 
form DOUT 1 38A are due to oscillator 1 1 2 not being syn- 
chronized with oscillator input 136A of filter 136.) 
[0044] If desired, an external oscillator coupled to ex- 
40 ternal oscillator input 1 48 could be used to synchronize 
data output DOUT 138A to an external clock. 
[0045] Thus, filter 136 provides enhanced noise and 
glitch immunity to isolator circuit 100. As an example of 
the enhanced noise and glitch immunity, assume that 
45 the digital input DIN 118 is LOW and gated oscillator 1 1 2 
is OFF and there is a very large fast-rising common 
mode signal at ground GND1 11 OA and input DIN 118 
(i.e., DIN is tied toGND1)with respect to ground GND2 
of receiver 120. Any mismatch in lead-frame capacitors 
50 1 05 and 115 will convert the common mode signal into 
a differential glitch at inputs 1 31 and 132 of comparator 
130. 

[0046] Output 1 33 of comparator 1 30 will accordingly 
toggle and output 134B of one-shot circuit 134 will go 
55 HIGH. However filter 1 36 will only count one clock cycle 
(because the fast-rising common mode signal at GND1 
and DIN is assumed to produce only one corresponding 
differential glitch at comparator 130) before the output 
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of one-shot circuit 134 resets, so data output 138 A will 
remain low. Filter 136 will function properly as long as 
the period of the common mode signal is greater than 
the one-shot period. 

[0047] An additional feature of the digital isolator cir- 
cuit shown in FIG. 6 is that it can be manufactured using 
conventional integrated circuit processing and packag- 
ing technology. The lead-frame capacitors, which pro- 
vide the circuit isolation, can be incorporated into the 
integrated circuit without a significant increase in man- 
ufacturing cost. FIG. 8 is a plan view of an embodiment 
of a preferred lead frame 1 50, after die attachment and 
wire bonding, for the low power digital isolator circuit of 
FIGS. 6 and 7. 

[0048] Lead frame 150 has a size which corresponds 
to the size of the lead frame in a conventional eighteen 
lead dual-in-line (DIP) package (e.g., approximately 23 
mm long by 6 mm wide), except that it has ten (five on 
each side) of its center leads replaced to provide area 
for the lead frame capacitors. 
[0049] As shown in FIG. 8, transmitter 110 is manu- 
factured on semiconductor die 151 which is attached to 
die pad 153 of lead frame 150. Similarly, receiver circuit 
120 is manufactured on semiconductor die 152 which is 
attached to die pad 154 of lead frame 150. Lead frame 
1 50 also includes interdigitated fingers 1 56A, 1 56B and 
157, for forming lead-frame capacitor 105, and interdig- 
itated fingers 166A, 166B and 167, for forming lead- 
frame capacitor 115. 

[0050] Lead frame 150 also includes regions 165 
which are removed after the complete isolator circuit is 
encapsulated with dielectric molding material so as to 
allow package pins 170 to be electrically isolated from 
each other. Locking holes 160 are included on lead 
frame 150 so as to allow the dielectric molding material 
to firmly hold package pins 1 70 in place during user han- 
dling. 

[0051] Preferably, lead frame fingers 156A : 156B, 
157, 166A, 166B and 167 have widths "EW" of approx- 
imately 0.5 mm and are spaced apart by spacings "ES" 
of approximately 0.5 mm. For the lead frame capacitor 
embodiment shown in FIG. 8, each capacitor 105 and 
115 has a capacitance of approximately 1 picofarad us- 
ing conventional dielectric molding material having a di- 
electric constant of approximately 4. 
[0052] Thus, a capacitively-coupled digital isolator 
circuit has also been described. The circuit preferably 
uses low cost capacitors incorporated into the lead 
frame of a conventional integrated circuit package. Us- 
ing conventional dielectric molding materials, the circuit 
can provide up to 1000 volts of isolation from input to 
output for TTL digital signals. Input currents as low as 
60 and 600 microamps are achievable for embodiments 
which can handle frequencies of up to 20 and 200 kps, 
respectively. 

[0053] One skilled in the art will thus appreciate that 
the present invention can be practiced by other than the 
described embodiments, which are presented for pur- 



poses of illustration and not of limitation, and the present 
invention is limited only by the claims which follow. 



5 Claims 



1 . A lead frame capacitor comprising: 

first and second electrodes separated by a re- 
gion therebetween, wherein said first and sec- 
ond electrodes comprise portions of lead frame 
material adapted to couple charge therebe- 
tween; 

the lead frame capacitor characterized by: 

said first and second electrodes (12, 14) 
comprising interdigitated and substantially 
coplanar portions (12, 14A, 14B) of the 
lead frame (30); and 

dielectric molding material encapsulating 
said first and second electrodes (12, 14) 
and providing dielectric insulation in said 
region between said first and second elec- 
trodes (12, 14). 
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25 

2. The lead frame capacitor of claim 1 wherein said 
first electrode (1 4) comprises a pair of first and sec- 
ond fingers (14A, 14B) and said second electrode 
(12) comprises a third finger (12) spaced between 

30 said first and second fingers. 

3. The lead frame capacitor of claim 1 or 2 wherein 
said molding material is in contact with both surfac- 
es of said first and second electrodes (12, 14). 



35 



40 



45 



4. The lead frame capacitor (10) of claim 3 wherein 
said dielectric molding material (40) forms an inte- 
grated circuit package having two or more pins 
(170) of said lead frame (30). 

5. A packaged integrated circuit comprising: 

a lead frame (30); 

an integrated circuit die disposed on an attach- 
ment pad (32) formed from a portion of said 
lead frame (30); 

a lead frame capacitor according to any of 
claims 1 to 4 : wherein said molding material 
(40) encapsulates said lead frame, said inte- 
grated circuit die, and said capacitor. 



50 



6. The packaged integrated circuit of claim 5 further 
characterized by said first electrode (14) compris- 
ing a pair of first and second f ingers (1 4A, 1 4B) and 

55 said second electrode (12) comprising a third finger 
(12) spaced between said first and second fingers. 

7. A method for making a packaged integrated circuit 
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comprising: 

providing a lead frame (30, 1 50) including a plu- 
rality of spaced apart fingers (12, 14, 32, 42) 
and pins (170) separated by support portions 
(30A, 165); 

attaching an integrated circuit die (46, 150, 
151) to one of said plurality of fingers (32, 42, 
153: 154); 

encapsulating said lead frame (30 : 150) and 
said integrated circuit die (46 : 150 : 151) in a 
molding material (40); and 
removing said support portions; 
the method characterized in that forming said 
lead frame includes forming first and second in- 
terdigitated and substantially coplanar elec- 
trodes (14, 12) from first and second ones of 
said plurality of fingers. 

8. The method of claim 7, further characterized by 
bonding a wire (38, 43, 131 , 132) between said in- 
tegrated circuit die (46, 150, 151) and one of said 
first and second electrodes (12, 14 ; 167)priorto en- 
capsulating with said molding material (40). 

9. The method of claims 7 or 8 wherein the encapsu- 
lating comprises substantially simultaneously en- 
capsulating said semiconductor die (46, 150, 151) 
and said first and second electrodes (1, 14, 187) 
with said molding material (40). 

10. A lead frame comprising: 

a sheet of conductive material (150) having an 
opening therein; and 

a plurality of fingers (153, 154, 156, 157, 166, 
1 67) projecting inwardly from a periphery of the 
opening, wherein a first one of said fingers 
(153, 154) is adapted for bonding an integrated 
circuit die thereon; 

the lead frame characterized by second and 
third ones of said plurality of inwardly projecting 
fingers being adapted to form first and second 
interdigitated coplanar capacitor electrodes 
(12, 14, 156, 157, 166, 167). 



Patentanspruche 

1 . Leiterrahmen-Kondensator mit: 

durch einen Zwischenbereich voneinander ge- 
trennte erste und zweite Elektroden, wobei die 
ersten und zweiten Elektroden Abschnitte aus 
Leiterrahmenmaterial aufweisen, die zum Kop- 
peln von Ladung zwischen diesen eingerichtet 
sind, 



dadurch gekennzeichnet, dass: 

die ersten und zweiten Elektroden (12, 14) int- 
erdigitierte und im wesentlichen koplanare Ab- 
schnitte (12, 14A, 14B) des Leiterrahmens (30) 
aufweisen und 

dass dielektrischer Formstoff die ersten und 
zweiten Elektroden (1 2, 14) einkapselt und eine 
dielektrische Isolation in dem Bereich zwischen 
den ersten und zweiten Elektroden (12,14) be- 
wirkt. 

Leiterrahmen-Kondensator nach Anspruch 1 , wo- 
bei die erste Elektrode (14) ein Paar erster und 
zweiter Finger (14A, 14B) und die zweite Elektrode 
(12) einen zwischen den ersten und zweiten Fin- 
gern im Abstand von diesen angeordneten dritten 
Finger (12) aufweisen. 

Leiterrahmen-Kondensator nach Anspruch 1 oder 
2, wobei der Formstoff in Kontakt mit beiden Ober- 
flachen der ersten und zweiten Elektroden (12, 14) 
steht. 

Leiterrahmen-Kondensator (10) nach Anspruch 3, 
wobei derdielektrischeFormstoff(40)einlC-Gehau- 
se mit zwei oder mehr Stiften (170) des Leiterrah- 
mens (30) bildet. 



30 5. Integrierte Schaltung in einem Gehause mit: 



einem Leiterrahmen (30); 
einem IC-Plattchen auf einem von einem Ab- 
schnitt des Leiterrahmens (30) gebildeten Kon- 
taktfleck (32); und 

einem Leiterrahmen-Kondensator nach einem 
der Anspruche 1 bis 4, 



20 3. 



25 4. 
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wobei das Fo immaterial (40) den Leiterrahmen, 
das IC-Plattchen und den Kondensator einkapselt. 

Integrierte Schaltung in einem Gehause nach An- 
spruch 5, ferner dadurch gekennzeichnet, dass 
die erste Elektrode (14) ein Paar erster und zweiter 
Finger (14A, 14B) und die zweite Elektrode (12) ei- 
nen zwischen den ersten und zweiten Fingern im 
Abstand von diesen angeordneten dritten Finger 
(12) aufweisen. 

Verfahren zur Herstellung einer integrierten Schal- 
tung in einem Gehause mit den Schritten: 

Bereitstelten eines Leiterrahmens (30, 150) mit 
mehreren voneinander abgesetzten Fingern 
(12, 14, 32, 42) und 

durch von tragenden Abschnitten (30A, 165) 

getrennten Stiften (170); 

Befestigen eines IC-Plattchens (46, 150, 151) 
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auf einem dieser mehreren Finger (32, 42, 1 53, 
154); 

Verkapsetn des Leiterrahmens (30, 150) und 
des IC-Plattchens (46, 150, 151) mit einem 
Formstoff (40); und 
Entfernen der tragenden Abschnitte; 

dadurch gekennzeichnet, dass 

die Herstellung des Leiterrahmens das Ausbil- 
den erster und zweiter interdigitierter und im 
wesentlichen koplanarer Elektroden (14, 12) 
aus den ersten und zweiten dieser mehreren 
Finger beinhaltet. 

8. Verfahren nach Anspruch 7, ferner dadurch ge- 
kennzeichnet, dass vor dem Verkapseln mit dem 
Formstoff (40) ein Draht (38, 48, 131 , 132) zur Ver- 
bindung zwischen dem IC-Plattchen (46, 150, 151) 
und einer der ersten und zweiten Elektroden (12, 
14, 167) angeordnet wird. 

9. Verfahren nach Anspruch 7 oder 8, wobei das Ver- 
kapseln das im wesentlichen gleichzeitige Einkap- 
sein des Halbleiterplattchens (46, 150, 151) sowie 
der ersten und zweiten Elektroden (1,14, 187) mit 
dem Formstoff (40) beinhaltet. 

10. Leiterrahmen mit: 

einer Platte leitenden Materials (150) mit einer 
darin ausgebildeten Offnung; und 
mehreren Fingern (153, 154, 156, 157, 166, 
167), die vom Rand der Offnung aus nach in- 
nen vorstehen, wobei ein erster dieser Finger 
(153, 154) zur Aufnahme eines IC-Plattchens 
konzipiert ist; 

dadurch gekennzeichnet, dass 

zweite und dritte dieser nach innen vorstehen- 
den mehreren Finger zum Ausbilden erster und 
zweiter interdigitierter koplanarer Kondensato- 
relektroden (12, 14, 156, 157, 166, 167) konzi- 
piert sind. 



Revendications 

1. Condensateur forme par un cadre de connecteur, 
comprenant : 

des premiere et seconde electrodes separees 
par une region intermediate, lesdites premiere 
et seconde electrodes comprenant des por- 
tions de materiau de cadre de connecteur aptes 
a coupler une charge entre celles-ci; 
lecondensateurforme par cadre deconnecteur 



etant caracterise par : 

lesdites premiere et seconde electrodes 
(12, 14) comprenant des portions interdigi- 

5 tees et sensiblement coplanaires (12,1 4A, 

14B) du cadre de connecteur (30); et 
un materiau de moulage dielectrique en- 
capsulant ou enrobant lesdites premiere et 
seconde electrodes (12,14) et assurant 

10 une isolation dielectrique dans ladite re- 

gion entre les premiere et seconde electro- 
des (12,14). 

2. Condensateur forme par un cadre de connecteur 
15 selon la revendication 1 , dans lequel ladite premie- 
re electrode (1 4) comprend une paire de premier et 
second doigts (14A ; 14B) et ladite seconde electro- 
de (12) comprend un troisieme doigt (12) espace 
entre lesdits premier et second doigts. 

20 

3. Condensateur forme par un cadre de connecteur 
selon la revendication 1 ou 2, dans lequel tedit ma- 
teriau de moulage est en contact avec les deux sur- 
faces desdites premiere et seconde electrodes 

25 (12,14). 

4. Condensateur forme par un cadre de connecteur 
(10) selon la revendication 3, dans lequel ledit ma- 
teriau de moulage dielectrique (40) forme un en- 

30 semble de circuit integre ayant deux ou plusieurs 
broches (170) dudit cadre de connecteur (30). 

5. Circuit integre encapsule comprenant : 

35 un cadre de connecteur (30); 

une matrice de circuit integre dispose sur un 
plot de fixation (32) constitue d'une portion du- 
dit cadre de connecteur (30) ; 
un condensateur forme par un cadre de con- 
to necteur selon I'une quelconque des revendica- 

tions 1 a 4, dans lequel ledit materiau de mou- 
lage (40) enrobe ledit cadre de connecteur, la- 
dite matrice de circuit imprime, et ledit conden- 
sateur. 

45 

6. Circuit integre modulaire selon la revendication 5, 
caracterise de plus par ladite premiere electrode 
(14) comprenant une paire de premier et second 
doigts (14A.14B) et ladite seconde electrode (12) 

so comprenant un troisieme doigt (12) espace entre 
lesdits premier et second doigts. 

7. Procede pour realiser un circuit integre encapsule 
comprenant : 

55 

la mise en place d'un cadre de connecteur 
(30,1 50) comprenant une pluralite de doigts es- 
paces entre eux (12,14,32,42) et de broches 
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(170) separes par des portions de support 
(30A.165); 

la fixation d'une matrice de circuit integre 
(46,150,151) sur I'une de ladite pluralite de 
doigts (32,42,153,154); 

I'enrobage dudit cadre de connecteur (30,150) 
et de ladite matrice de circuit integre 
(46,150,151) dans un materiau de moulage 
(40); et 

I'enlevement desdites portions de support; 
le procede etant caracterise en ce que la for- 
mation dudit cadre de connecteur comprend la 
formation des premiere et seconde electrodes 
interdigitees sensiblement coplanaires (14,12) 
a partir des premier et second doigts de ladite 
pluralite de doigts. 
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8. Procede selon la revendication 7, caracterise de 
plus par la soudure d'un fil (38,48,131,132) entre 
ladite matrice de circuit integre (46,1 50,1 51 ) et Tune 20 
desdites premiere et seconde electrodes 

(1 2, 1 4,1 67) avant I'enrobage avec ledit materiau de 
moulage (40). 

9. Procede selon les revendications 7 ou 8, dans le- 25 
quel Tenrobage comprend sensiblement simultane- 
ment I'enrobage de ladite matrice de semi-conduc- 
teurs (46,150,151) et lesdites premiere et seconde 
electrodes (1,14,187) avec ledit materiau de mou- 
lage (40). 

10. Cadre de connecteur comprenant : 

une feuille de materiau conducteur (1 50) com- 
portant une ouverture; et 
une pluralite de doigts 

(153,154,156,157,166,167) faisant saillie vers 
I'interieurdepuislaperipheriederouverture, un 
premier desdits doigts (153,154) etant apte au 
soudage sur une matrice de circuit integre; 
le cadre de connecteur etant caracterise par 
des second et troisieme doigts de ladite plura- 
lite de doigts faisant saillie vers I'interieur aptes 
a former des premiere et seconde electrodes 
de condensateur coplanaires interdigitees 
(12,14,156,157,166,167). 
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